The second gnathopods of caprellid male amphipods are larger than the ones observed in females. The second gnathopods are armed with a propodus or tooth that is associated with a poison producing gland, by which male-male contests lead to fatal outcomes. Here we observed the ultrastructure of the second gnathopods by scanning electron microscopy and compared the relationship between the number of pores in the poison tooth and body length among the males of four caprellid species: Caprella acanthogaster, C. bispinosa, C. scaura, and C. penantis. All species possess pores on the poison tooth, and the number of pores increased with body size. The number of pores also differed among specimens of the four species. Furthermore, in males of three caprellid species, except for C. penantis, we found additional pores at the tip of the dactylus of second gnathopods. The number of pores on the tip of the dactylus did not increase with body length, and the average number of them differed among the three species. Although it is not known if venom is released from the pores of both structures, larger individuals that possess more pores on the second gnathopods could have a competitive advantage in male-male competition.
INTRODUCTION
In the genus Caprella, males use the second gnathopods during intraspecific interactions (Lewbel, 1978; Caine, 1979; Lim and Alexander, 1986; Schulz and Alexander, 2001) and feeding (Caine, 1974) . There is sexual dimorphism in the size of second gnathopods (Conlan, 1991) , and males of many species of Caprella possess two large second gnathopods and a specialized structure on the propodus on each of them, hereafter referred to as "poison tooth" (Arimoto, 1976; Lewbel, 1978; Lim and Alexander, 1986 ). There are many pores on the tip of the poison tooth (Lewbel, 1978; Lim and Alexander, 1986; Schulz and Alexander, 2001) , and an extensive array of rosette glands and ducts leading to pores inside of the poison tooth has been documented (Schulz and Alexander, 2001) . Although the venom(s) has not been formally identified, the second gnathopods are employed in male-male competition for mates (Lewbel, 1978; Caine, 1979; Schulz and Alexander, 2001; Takeshita and Henmi, 2010) , and such interactions involving the poison tooth often result in the death of opponents in some caprellid species (Caine, 1979; Lim and Alexander, 1986) . Therefore, it is important to investigate the structure of the second gnathopods to understand their effects in competitive interactions in Caprella. However, there are few studies on the comparative morphology of these structures and interspecific variation. Here we present a novel comparative study on the relationship between body size and morphological characters of the second gnathopods among four species • 26 E). Each species was specifically associated with the microhabitat provided by Cystoseira hakodatensis, Neorhodomela aculeata, Sargassum sp., and Bugula neritina, respectively. After collection, all samples were brought to the laboratory where specimens were sorted and fixed in 5% or 10% buffered formalin.
We photographed animals using a digital camera (Nikon Coolpix 900) mounted on a stereoscope, and subsequently body length between the first to seventh pereionites was measured on a PC, open source software Image J (http://rsb. info.nih.gov/ij/). After standard preparation, we observed the ultrastructure of the second gnathopods by using a scanning electron microscope (SEM; JEOL 5400-LV and Hitachi TM-1000 Miniscope). The total number of pores within the poison tooth and on other surfaces of the second gnathopods was determined. However, since pores may be found on both sides of the poison tooth from each gnathopod (Lim and Alexander, 1986) , the largest number of pores on one of the sides of either right or left gnathopod was considered as the "total number of pores." All statistical analyses were conducted by open source software R (R development Core Team, 2011).
RESULTS

Poison Tooth Porosity of Second Gnathopods
Pores were found on the poison tooth in the second gnathopods of all four species of Caprella studied (Fig. 1) . The poison tooth was located on the middle of the palm of the second gnathopods in C. acanthogaster, C. bispinosa, and C. scaura ( Fig. 1: white arrows in a-1, b-1 and c-1,  respectively) . The second gnathopods in C. penantis had their poison tooth on the lower edge of the palm (Fig. 1: white arrow in d-1). Pores were found within a depression on a side of the poison tooth in C. bispinosa, C. scaura, and C. penantis, while there was no such depression in C. acanthogaster.
The mean (±SD) number of pores was 38.5 ± 20.6, 11.9 ± 9.3, 37.6 ± 30.0 and 6.4 ± 5.1 in C. acanthogaster, C. bispinosa, C. scaura, and C. penantis, respectively. The number of pores was positively correlated with their body size in all species (regression analysis: C. acanthogaster: n = 31, y = 7.01 + 1.53x, r 2 = 0.43, t 1,29 = 4.90, P < 0.001; C. bispinosa: n = 27, y = −7.98 + 1.38x, r 2 = 0.53, t 1,25 = 5.52, P < 0.001; C. scaura: n = 32, y = −48.26 + 7.83x, r 2 = 0.71, t 1,30 = 8.75, P < 0.001; C. penantis: n = 36, y = −7.66 + 2.40x, r 2 = 0.39, t 1,34 = 4.80, P < 0.001). These slopes were significantly different among the four species (ANCOVA: F 3,118 = 24.9, P < 0.001).
Porosity of Dactylus Tip of Second Gnathopods
We also found pores on the dactylus tip of the second gnathopods in C. acanthogaster, C. bispinosa, and C. scaura ( Fig. 1: diagonally striped arrows in a-1, b-1 and c-1), but not C. penantis. Although the number of pores in the dactylus was lower than that of the poison tooth, the pores located on the dactylus were associated with a hollow line, forming a shallow channel, running to the tip of the dactylus ( Fig. 1:  a-3, b-3 and c-3) .
The mean number of pores was 2.0 ± 1.9, 2.2 ± 1.6 and 13.9 ± 5.3 in C. acanthogaster, C. bispinosa, and C. scaura, respectively. The number of pores on the dactylus, however, was not correlated with body length in the three species (regression analysis: C. acanthogaster: n = 31, t 1,29 = −0.12, P > 0.05; C. bispinosa: n = 27, t 1,25 = 0.58, P > 0.05; C. scaura: n = 29, t 1,27 = 1.32, P > 0.05). Since the number of pores did not covary with body length in the three species bearing pores in the dactylus tip, we compared the average number of pores among the three species. As result, the number of pores on the dactylus differed among the three species (one-way ANOVA: F 2,84 = 114.8, P < 0.001). There were significant differences between C. acanthogaster and C. scaura (Tukey's honestly significant difference (HSD) test: P < 0.001), and between C. bispinosa and C. scaura (Tukey's HSD test: P < 0.001), but there was no difference in the number of pores between C. acanthogaster and C. bispinosa (Tukey's HSD test: P > 0.05).
DISCUSSION
Poison tooth and pores in males may be favored in the context of male-male competition (Lewbel, 1978; Lim and Alexander, 1986; Schulz and Alexander, 2001) . During mating or guarding in males of C. gorgonia Laubitz and Lewbel, 1974 , when other males approach, guarding males grasp and lunge at one another and try to strike each other with their gnathopods (Lewbel, 1978) . Males often avoid contact with mating adults, and even release their hold on the substratum if they are forced into contact with mating individuals (Lewbel, 1978) . Schulz and Alexander (2001) have shown that a secretory gland is found under the pores in C. scaura. Males in caprellid species are therefore fight using their poison tooth and venom in male-male competition. Slope of regression between the number of pores on poison tooth and body length in C. scaura was the largest among the four species studied, and C. scaura possess most pores on the dactylus. In this species, males often kill each other to acquire mates (Lim and Alexander, 1986) . A large regression slope and number of pores on the dactylus of C. scaura would reflect their aggressive mating behavior. C. penantis showed the second largest slope for the relationship between the number of pores on poison tooth and body size of the four analyzed species. Larger males have an advantage to keep and takeover a receptive female in male-male contests (Takeshita and Henmi, 2010) . These results suggest that larger males may have a competitive advantage not only through the larger body size, but also with stronger weaponry. Since the number of pores increased with their body length, it is difficult to distinguish between the factors determining the probability of winning in male-male competition, which may be affected by body size and/or the number of pores delivering a dose of poison. Therefore, further experimental manipulation is required to test which factor most strongly affects the outcome of male-male competition: body size, the number of pores, or venom strength. Interestingly, males of C. penantis from the Strait of Gibraltar do not possess a poison tooth on the second gnathopods (Guerra-García et al., 2006; Cabezas et al., 2010) . Thus, absence of the poison tooth may not necessarily affect the outcome of malemale competition in this population, and the poison tooth may have degenerated because of weak pressure from sexual selection and costs of maintaining the poison tooth and associated glands. Since morphological and behavioral traits in caprellid amphipods may be influenced by environmental conditions across habitats (Bynum, 1980; Aoki, 1999) , these morphological differences between populations or species may also be affected by environmental conditions and genetic restrictions.
Although pores on the dactylus of the second gnathopods were found in three species, the number did not show any meaningful relationship with body size in all species. Schulz and Alexander (2001) have however observed that the dactylus is fully extended when individuals strike each other using the second gnathopods in C. scaura. In such a posture, since the tip of dactylus is directed toward the opponent, this part would also have some functions, i.e., actual fighting and/or threat display, although it could be possible that this structure has other functions in other behavioral contexts, Fig. 1 . Parts where pores were observed on male second gnathopods in the four caprellid species. Each column shows character of each species, and top row shows second gnathopods in each species. White arrows indicate a part of poison tooth in each species and diagonally striped arrows shows a part of dactylus tip in each species.
such as predation and anti-predator defense. Future study on the factors affecting weaponry effectiveness as well as the chemical features of venom and their effect in the outcome of male-male competition in skeleton shrimps is warranted.
